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Abstract
The French technical center for civil aviation (STAC) conducted a three step study in order to provide airport operators with 
a consistent assessment methodology for the evaluation of airports’ vulnerability to climate change. This paper aims at presenting 
the development of the vulnerability assessment method and highlighting the main steps to be conducted to perform 
a vulnerability assessment study to climate change.
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1. Introduction
Members of the Intergovernmental Panel on Climate Change (IPCC) are unanimous: “Warming of the climate 
system is unequivocal” (IPCC, 2008). Climate change is already underway and its effects are beginning to be felt: 
“many natural systems are being affected by regional climate changes”. The message from scientists concerning the 
significance of these changes is unambiguous. Because of the inertia inherent in climate systems, profound changes 
are now inevitable, whatever means are employed to reduce greenhouse gas emissions.
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Fighting and adapting to climate change are national priorities enforced by the Climate Change National 
Adaptation Plan (MEDTL. 2011) adopted in France in 2011 and regularly updated since then. This plan is organized 
in 19 themes, among which “Infrastructures of transport”. The civil aviation technical center (STAC) was 
commissioned to address a part of one of the 5 sections attached to the previous theme aiming at studying the 
impacts of climate change on French mainland and overseas airports. Then was launched the VULCLIM project 
whose main objective was to evaluate the vulnerability of French airports to climate change. 
This project provides airport operators with a consistent assessment methodology for the evaluation of airports’ 
vulnerability to climate change. In order to meet this goal it was necessary to:
x Identify relevant climate changes (expected by the year 2100) and their potential impacts on airports 
infrastructures;
x Elaborate a methodology for the evaluation of aerodromes vulnerability to the previously identified climate 
changes and apply this methodology to a sample of representative platforms;
x Design an automatic assessment tool for airports’ operators to evaluate the vulnerability of their platform.
2. Climate changes and their impacts on airport infrastructure
2.1. Build a climate change scenario
Before designing the method of evaluation of the vulnerability of airports to climate change, some preliminary 
work was necessary.
First, a precise climate change scenario was to be defined to evaluate aerodromes vulnerability.
The IPCC experts identified four possible climate change scenarios for the greenhouse gases emissions based on 
different economic and demographic hypothesis. The PNACC chose to work with two of the four scenarios of the 
IPCC: scenarios A2 and B2. These two IPCC scenarios considered different climate variables with possible impacts 
on airports: 
x temperatures
x precipitations
x winds
x sea level
The STAC added “Biodiversity” to the variables list of the climate change scenario since it can have 
a remarkable impact on airports’ operations, threatening operations and causing flight delays or cancellations.
At this stage, the STAC has a list of relevant climate variables whose evolutions could affect airports. Then, the 
IPCC scenario portrayed a list of expected climate changes associated with all five variables. These climate changes 
represent the way the variables are likely to evolve according to IPCC predictions. For example, it is well known 
that the “Temperatures” variable must be affected by climate change. Then, the IPCC scenarios conclude that:
x mean temperatures must increase
x daily maximums and minimums must increase
x the annual number of days of heat waves must increase.
All climate changes above specifically describe the evolution of the “Temperatures” variable and other changes 
can be associated with all previous climate variables. Some climate changes are trends while the others consist in 
extreme events. For example, the “Wind” variable is likely to engender:
x changes in the direction of mean winds which can be considered trend changes
x a change in the frequency and intensity of extreme winds that are associated with extreme events.
Climate changes associated with the five relevant variables could have different impacts on airport operations. 
For instance, each of the identified variables might affect the functionality of the airport system and consequently 
threaten the proper running of the platform.
The STAC then analyzed the possible impacts associated with the climate variables in order to work out whether 
they were relevant enough to be included in the climate change scenario. Only climate changes with possible 
remarkable consequences on airport usability were eventually embedded in the climate change scenario. Table 1
below summarizes all climate changes and their impacts on airports and identifies the climate changes retained in
the climate change scenario (in grey cells).
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Table 1. Climate changes and their impacts on airport.
Climate 
variables
Climate changes
Impacts on airport
Trends Extreme events
Temperature
s
Increasing mean temperatures (as for 
minimum and maximum daily 
temperatures)
A light increase of mean temperatures has no remarkable impact on 
airport usability. Some profit might be noticed (less deicing for 
example) but the change would not be benefic enough to the 
accessibility of the platform to be taken into account in the climate 
change scenario.
Increasing number of days of 
heat waves.
Heat waves are important since they can cause :
x fires which may induce traffic interruptions
x damages to paved infrastructures
x deterioration of engine performance and lift capabilities (delays 
or cancellations)
x deterioration of staff work performance
x need for additional energy consumption during heat wave 
periods because of air conditioning
Increasing number of days of 
draught.
Draughts engender clay swelling and shrinking issues which can 
adversely affect the integrity of buildings and paved infrastructures. 
For this reason, the associated climate change is retained.
Precipitation
s
Decreasing number of days with snow. Yet associated with a benefic trend, the importance of snowfalls 
requires taking it into account: platforms vulnerable to snowfalls must 
be aware of the risk even if it is expected to decrease in the years to 
come (platforms might remain very sensible to snow hazards).
Decreasing number of days with rain. The light variation of the number of rainy days (comprised between +2 
and -4 days per year according to A2 and B2) is not expected to have 
an important impact on airport accessibility (as opposed to strong 
rainy episodes). For this reason, the trend is not retained in the climate 
change scenario.
Increasing number of days 
with extreme rains.
The heavy rains can cause water overflowing the drain systems and 
flooding the airfield or accesses to the airport, downgrading the level 
of service of the airport.
Winds
A sensible change in mean wind 
speed and direction is expected but 
no reliable models are available.
Long term changes in the directions of winds can adversely affect the 
usability of runways.
Decreasing number of days 
with extreme winds in the 
south. Possible increase of in 
the north.
Fewer days with extreme winds must cause less damage on buildings 
and infrastructures, have a positive impact on FOD presence and have 
a positive effect on the usability of the runway and other equipment 
(such as airy bridges).
Sea level
In line with the PNACC hypothesis, 
the value of a one meter sea level rise
is retained.
To prevent from the sea level rise affecting airport equipment or 
infrastructures, heavy works (like dykes) might be necessary.
Sea swell
In case of extreme weather 
event (hurricane, tempest) big 
waves are likely to occur. 
There is no model associated 
with this phenomenon.
Big waves can cause damages to coastal airports causing traffic 
interruptions or threatening buildings and infrastructures.
Biodiversity
A noticeable evolution of biodiversity
is expected. The number of migratory 
birds is expected to increase. Birds are 
likely to stay longer on reproduction 
areas.
Collisions with birds could rise on airports where the bird population 
increases and stays longer than usual, causing damages and delays or 
cancellations.
Note: climate changes with impacts in grey cells are retained in the climate change scenario.
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At this stage of the study, a climate change scenario is available. It contains a list of nine climate changes 
possibly affecting a platform and of all the impacts that the changes could have on airports. While the climate 
scenario is well known, the airport system is not yet defined.
Obviously, a given climate change does not affect the whole airport in the same way and the vulnerability of the 
airport to this climate change depends on the resilience of all airport components. For this reason, it is necessary to 
precisely define the airport system.
2.2. Separate out the airport system
In order to fully analyze the impact of climate changes on the airport, transport vulnerability experts advised the 
STAC to separate out the airport system into major fields (CERTU, 2012): three major fields containing defined 
fundamental airport elements were retained. Those elements represent the airport components whose vulnerability to 
climate change will help understanding the whole resilience of the airport.
Table 2: Elements of the airport system.
Infrastructures Buildings Operations
Accesses to the airport (roads; rail tracks, etc.) Terminals Areas and operations of ARFF (aircraft rescue 
and firefighting), fuel deposit and deicing
Car parks Offices and other buildings (State 
and operators offices, maintenance 
buildings, crisis unit, etc.)
Trucks (buses, towing trucks, fuel trucks, etc.)
Runways Airy bridges Navigation aid and lighting equipment 
Taxiways Tower Human resources (staff)
Apron
3. Methodology
3.1. Principles
The airport system is constructed out of a wide panel of distinct and fundamental elements. All these elements are 
specifically vulnerable to the different climate changes of the scenario built above. It was decided to evaluate the 
vulnerability of the airport to climate changes through all its components by performing a risk cartography 
highlighting the vulnerability of every airport component on all climate changes (when a given climate change has 
no impact on a given airport component it obviously poses no risk to the component).
The following well-known expression allows evaluating the risk that all climate changes pose to the different 
airport components identified above (or the vulnerability of the airport elements to all different climates changes):
ܴ݅ݏ݇ = ݌ݎ݋ܾܾ݈ܽ݅݅ݐݕ ݋݂ ݋ܿܿݑݎݎ݁݊ܿ݁ כ ݅݉݌ܽܿݐ
The previous formula can be applied to the evaluation methodology. For instance, the risk that a specific climate 
change poses to a specific airport element is the product of:
x the probability of occurrence of the given climate change at the airport, and
x the impact that the climate change poses to the airport element.
3.2. Probability of occurrence of all climate changes
On a given platform, the probability of occurrence of each of the nine climate changes retained in the scenario is 
the same for all airport elements. Thus only nine probabilities of occurrence must be evaluated. The probability of 
occurrence of a climate change would be described by a figure comprised between 1 and 3 as stated in the following 
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table. This table describes the three levels of probability of occurrence and the associated criteria and can be used to 
assess the probability of occurrence of the nine climate changes for a given airport. Evaluating the probability of 
occurrence of a climate change requires having a high understanding of regional climate forecast at the level of the 
platform.
Table 3. Levels of probability of occurrence of a climate change.
Occurrence probability for a given climate change
Probability Value Definition
Return period/annual 
occurrence probability and 
intensity
Low 1
Extreme event change:
Climate change is highly unlikely to occur at the studied airport. It is not expected 
during infrastructure lifetime.
Trend change:
The airport is not threatened or the change has an expected low intensity.
>100 years/<1%
Low intensity
Medium 2
Extreme event change:
The considered event already occurred at least once on the studied airport. Or, 
according to climate forecasts, it could occur with a small return period during the 
infrastructure’s lifetime.
Trend change:
The change has an expected medium intensity.
5-100 years/1%-20%
Medium intensity
High 3
Extreme event change:
The considered climate change already occurred several times on the studied airport. 
Or, climate forecasts predict a high probability of occurrence for the climate change.
Ex : frequent floods or  storms (several times a year)
Trend change:
The change has an expected high intensity.
<5 years/>20%
High intensity
3.3. Impact of a climate change on an airport component
As opposed to their probability of occurrence, the impact of the nine climate changes varies on a given airport 
and is specific to each airport element. This means that the number of impacts to be evaluated is important (it is
roughly1 equal to 9 by the number of airport elements – 16). The impact of a given climate change on a specific 
airport element would be defined by a figure comprised between 1 and 4 according to Table 4. This table describes 
the four levels of impacts and their associated criteria. Evaluating impacts requires having a profound knowledge of 
airport infrastructures and operations. Yet, it is also necessary to have a wide view of all aspects to be taken into 
account to evaluate how a climate change could affect an airport component (ex: to evaluate the impact of extreme 
winds on terminals, their number, resistance, location, etc. must be considered).
1 Not “strictly” because some climate changes have no impact on certain airport components. For instance, changes in the direction of mean 
winds should not have any impact on car parks or terminals. For this reason, some cells in Table 6 are empty.
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Table 4. Levels of impact of a given climate change on a specific airport components (or systems).
Impact Value System’s functionality Description
Trivial 1 Normal
The climate change has no adverse impact on the airport
element’s functionality.
Minor 2 Acceptable degraded conditions
The climate change has minor impact on the airport element’s 
functionality and the associated level of service is 
downgraded but still acceptable.
Serious 3 Restrictive degraded conditions
The climate change has serious impact on the airport 
element’s functionality: system is unavailable on the short 
term or has a long term downgraded level of service.
Catastrophic 4 Unacceptable degraded conditions
The climate change has catastrophic impact on the airport 
element’s functionality: system disappears or is unusable on 
the long term.
3.4. Climate change vulnerability of an airport
Table 5. Vulnerability levels of airport components to climate changes.
Vulnerability level (or risk)
Impact of climate 
change on
system
Probability
of occurrence
of climate change
Trivial (1) Minor (2) Serious (3) Catastrophic (4)
High (3) Low (3) Medium (6) High (9) High (12)
Medium (2) Null (2) Low (4) Medium (6) High (8)
Low (1) Null (1) Null (2) Low (3) Low (4)
The level of risk (or vulnerability) that a climate change poses to a specific component of the airport system is 
given by the multiplication of the occurrence probability of the climate change by its impact on the airport 
component. Table 5 above represents the possible levels of risk that a climate change can pose to an airport element. 
The marks vary from 1 to 12 and are spread among four categories going from “Null” (the climate change poses no 
risk at all to the airport component) to “High” (the climate poses an important risk to the airport component).
Finally, the result of the methodology of evaluation of the vulnerability of airports to climate change can be 
summarized in a risk matrix shown in Table 6. The lines of the matrix represent the different airport components 
described in Table 2 while the columns represent the different climate changes of the climate change scenario 
summarized in Table 1. The value contained in each cell of the table then represents the vulnerability of the 
associated airport component on the concerned climate change based on Table 5.
The matrix must help identifying the strengths and weaknesses of a platform. This strong advantage of the matrix 
allows pointing out priority fields for the airport operators to improve the climate change resilience of their platform.
Two top French airports volunteered to work with the STAC and perform the vulnerability evaluation of their 
platform. It was eventually possible to test the assessment methodology and its results. Figure 1 is an example of the 
outcome of the assessment method applied to one of these airports. Thanks to the figure, we can clearly identify that 
the platform is particularly threatened by sea level rise, sea swells and extreme precipitations causing floods. The 
figure suggests that operators should concentrate their efforts on flood resilience and sea linked adaptations. Note 
that some cells are empty because the climate change does not apply to the airport component or some data were 
missing when the matrix was filled.
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Fig. 1. Risk matrix illustration.
4. Automatic tool
The application of the assessment methodology requires a deep understanding of its basics and operators can 
hardly perform the vulnerability evaluation on their own. In fact, a comprehensive knowledge of the method is 
currently necessary to evaluate occurrence probabilities and impacts. It is necessary for operators to have a deep 
understanding of the platform infrastructures and operations and regional climate forecast. For a platform, the 
evaluation of probabilities of occurrence and impacts of climate changes on airport components is based on a 
necessary collaborative work between airports and STAC experts.
On the short term, the objective is to provide airport operators with an automatic tool to allow them to perform 
vulnerability assessments on their own, easily and quickly. This tool would essentially rely on two multiple-choice 
questionnaires. The STAC and two French top three airports’ operators gathered in a small working group to design 
the two questionnaires. 
x The first one aims at evaluating the probability of occurrence of all climate change on a platform. Thanks to a 
series of nine multiple-choice questions linked to the geographical and climatic characteristics of the platform, 
the probability of occurrence of the nine climate changes is easily computed, depending on the answers that the 
airport operators select.
x The second one aims at evaluating the impact of each climate change on each airport component. For all pairs of 
climate changes and airport components, a multiple-choice question helps the airport operators identify the 
characteristics of the considered component. Those characteristics describe for example the location of the 
component, its resistance, etc. The impact that the climate change might have on the airport component is then 
automatically evaluated based on the characteristics retained.
Thanks to the answers to the two questionnaires, the matrix is automatically produced.
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5. Conclusion
International and national studies on climate change provided enough information to identify a consistent climate 
change scenario that French airports might face by the year 2100. Based on this scenario, the STAC built an 
assessment methodology aiming at evaluating the vulnerability of French airports to climate change.
The outcome of the study, under the form of a risk matrix, spots the strengths and weaknesses of the aerodrome 
and consists in tool helping airport operators to identify where to focus their effort in order to increase the resilience 
capacity of their platform.
Today, it is necessary to have a comprehensive knowledge of climatic forecast and all necessary characteristics of 
airport components to perform the evaluation. Thus, at this stage, the method is not an autonomous tool and the 
STAC must assist airports operators when they evaluate their vulnerability to climate change. For this reason, 
alongside with major airports, the STAC is working on an automatic tool that aerodrome operators could use to 
evaluate the vulnerability of their platform on their own. In 2016, operators should be able to assess the resilience of 
their platform thanks to the automatic tool.
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